Fissuring associated with kernel elongation was evident in a moisture-adsorbing environment at 15ºC of relative humidity 88.72±0.28% with moisture content from 6% (d.b.) to 16. 3% (d.b.). The average length and width of 800 kernels was measured during the sorption test using a Cervitec Grain Inspector equipped with two digital cameras. Samples were exposed to both a moisture-adsorbing and desorbing environments at 15ºC with relative humidities of 23.4±0.53, 55.9±0.27, 70.98±0.28 and 88.72±0.28%. On image analysis, the kernels changed in size from 5.13 mm to 4.84 mm in length and 2.9 mm to 2.73 mm in width. Both length and width changed as expected during moisture-adsorbing and moisture-desorbing tests.
Introduction 1
Inspectors have started to use image analysis methods to support the 2 classification of brown rice. As the most delicate of the cereals, rice needs the 3 utmost care during post-harvest handling and processing, as it is consumed 4 as a whole kernel. The surrounding environment greatly affects its quality, 5 especially the head rice yield (HRY). The economic importance of 6 maintaining a high HRY is critical during drying, storage, and milling 7 operations (Sharma and Kunze, 1982; Write and Warnock, 1983) . Inadequate 8 quality control measures during any of the aforementioned steps can result 9 in fissuring which decreases the yield of milled rice. An image analysis 10 method is required to determine the mechanism of fissure formation. 11 Fissuring of rice kernels during drying in air with a high temperature and 12 low relative humidity (RH) (e.g. 60C and <20%) has been addressed in 13 various studies (Sarker and Kunze, 1996; Jia et al., 2002; Sun et al., 2002;  by Kunze and Hall (1965) , only commented on the phenomenon of moisture 1 adsorption by rice kernels, until the work of Siebenmorgen et al. (1998) . 2 Fissures increased in number and formed more quickly in drier paddy 3 environments, particularly following a rise in moisture content (MC) of the 4 rice grains. All of these studies were based on wetting the kernels by 5 submerging them directly in water. The effect of moisture adsorption from an 6 environment with a high RH on brown rice cracking was studied by Kunze 7 and Hall (1965) , who observed cracking damage from RH changes in relation 8 to response time. A study by Kunze and Choudhury (1972) showed a 9 reduction in the tensile strength of rice with increased time of exposure to a 10 humid environment. Siebenmorgen and Jindal (1986) found a significant 11 reduction in HRY due to moisture adsorption from various sources. Banaszek 12 and Siebenmorgen (1990) determined the effects of initial MC, exposure time, 13 conditioning air RH, and temperature on the HRY of rough rice. showed that the thickness of long grain rice kernels influenced the reduction 17 in HRY resulting from moisture adsorption using high RH air. Much work on the effect of moisture addition or drying has been done in relation to cracking 1 and HRY. 2 Construction of low temperature (~15ºC) storage systems has accelerated 3 in Japan since around 1985 due to increased consumer interest in food safety 4 and quality. Very few studies have addressed the recommended conditions 5 for measuring rice kernels by image analysis and the phenomenon of 6 fissuring of kernels during storage. The aim of this study was to clarify the 7 process of fissure formation in kernels of Japonica rice during a quasi-static 8 sorption (adsorption and desorption) process that was equilibrated for 9 several months under a low temperature. 10 In this study, we relate fissuring to the change in length and width of 11 kernels during sorption, which were measured using image analysis. Table 2 shows the scheme used for the measurement, within the The RHs of four saturated salt (Wako Chemical Industry Co., Osaka, 3 Japan) solutions are shown in Table 3 . Samples with an MC of 23% in 4 polyethylene bags were equilibrated for 65 days or more in a chamber 5 maintained at a temperature of 15ºC and in four desiccators maintained at of 6 23.4±0.53, 55.9±0.27, 70.98±0.28 and 88.72±0.28% RH in a 7 moisture-desorbing environment. 8 Samples with an MC of 6% in polyethylene bags holders were equilibrated 9 for at least 65 days in a chamber maintained at 15ºC and in four desiccators Within the prescribed time interval (Table 2) , the MC, length, width, 16 and fissuring of kernels were determined by the following methods. 17 ISO R712 standard method (ISO, 1979) was followed to determine the moisture content of the kernels at the start and end of the process when 1 a 5 g ground sample was dried at 130ºC for 2 hours in a forced-air oven. The 2 margin of error was less than 0.04%. Weight loss or gain of each sample was 3 measured by an electronic balance with an accuracy of 0.1 mg (LIBROR 4 AEG-220G; Shimadzu Co., Japan) and then the lengths and widths of 5 kernels were measured using a 1625 Cervitec Grain Inspector (Foss-Tecator 6 AB, Höganäs, Sweden) at approximately 1 week intervals over a period of 7 199 days ( Table 2 ). The average lengths and widths of 800 kernels were 8 determined. Standard deviations were 0.35 mm and 0.15 mm for the average 9 length and width, respectively. Top view (length and width) measurements 10 using this image system had high reproducibility and were very rapid (1000 11 kernels/minute). The analysis process involved sample presentation, image 12 collection by two CCD cameras, image processing, and kernel classification. 13 From the images obtained, the instrument could detect fissures on the 14 kernels. Figure 1 shows the length-width plane used for the determination of 15 the average length and width of rice kernels by image analysis. Samples were exposed to a moisture-desorbing environment at 15ºC and 23.4±0.53, 55.9±0.27, 70.98±0.28 and 88.72±0.28% RH (Fig. 2 ). There 1 were large differences between the highest MC and the EMC. The brown rice 2 with the highest MC was equilibrated for at least 65 days during the 3 moisture-desorbing tests at 15ºC and 23.4±0.53% RH. 4 Samples were exposed to a moisture-adsorbing environment with a 5 temperature of 15ºC and 23.4±0.53, 55.9±0.27, 70.98±0.28 and 88.72±0.28% 6 RH. There was a large difference between the lowest MC and the EMC. The 7 brown rice with the highest MC was equilibrated for 63 days or more during 8 the moisture-adsorbing test at a temperature of 15ºC and 88.7±0.28% RH. 9 The time required to reach EMC is at least 20 days at 20ºC (Tsutsumi, 10 1965), and the results of the present study were due to the low temperatures 11 and the large differences between the initial MC and EMC. 12 The average length of the kernels and fissured kernel percent as The transverse strain is given by: The longitudinal strain was -6.0% to 0.4% in the desorption and 0.4% to 3 4.4% in the adsorption moisture environments. The transverse strain was 4 -5.2% to -0.7% in the desorption and -1.0% to 4.3% in the adsorption 5 moisture environments (Fig. 6 ). The effect of longitudinal strain on kernel 6 fissuring was similar to that of transverse strain. Changes in strain occurred 7 when the kernels were exposed to both adsorbing and desorbing moisture Yamaguchi, S., Yamazawa, S., Wakabayashi, K., Tachitani, T., 1980. 3 Experimental study on the internal stress cracking of rice kernel (Part 4). Table 2 The scheme used for the measurement, within the prescribed time interval, of grain weight and kernel length and width Table2 
